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ABSTRACT
Atypical Sensory Processing and Semantic Language
in Autistic Children
Charlene L. Cooper
Department of Communication Disorders, BYU
Master of Science
Autistic children demonstrate a constellation of traits with varying degrees of severity in
areas including language differences, restrictive and repetitive behaviors, and sensory processing
differences. However, the relationship between sensory processing and these other behaviors are
not well understood especially their neurobiological underpinnings. Therefore, this research
examined behavioral measures of semantic language, sensory traits, and associated brain
networks in 20 autistic children (ages 6-11) and 22 typically developing (TD) age matched peers.
Mann-Whitney U tests revealed a strong correlation between sensory traits and general
composite and semantic language in both groups of participants. Sensory seeking traits were
most significantly correlated with overall and semantic language scores in our autistic
participants. Resting state functional network connectivity was also examined and correlated
with behavioral measures. The autistic participants demonstrated three networks of interest that
were correlated with semantic language scores. These networks demonstrated both over and
underconnectivity, and the brain regions involved provided functions in multisensory integration,
language, somatosensory processing, and prediction (among other functions). These findings
point to an association between sensory integration and language, especially semantics in both
the neurotypical population and autistic individuals. Furthermore, for the autistic population it
presents novel information about brain regions and connectivity patterns that may contribute to
the relationships between semantic language and sensory differences in the autism.

Keywords: autism, semantic language, sensory processing, resting state fMRI, functional
connectivity
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DESCRIPTION OF THESIS STRUCTURE
This thesis, Atypical Sensory Processing and Semantic Language in Autistic Children is
written with a hybrid format that combines journal ready publication requirements and thesis
formatting. The initial pages fulfill requirements for submission of this thesis to Brigham Young
University. The thesis itself is formatted as a journal article and fulfills the style requirements for
submitting research to educational journals. The annotated bibliography is in Appendix A.
Appendix B contains a copy of the research consent form.

1
Introduction
Atypical Sensory Processing and Semantic Language in Autism
Recent studies have shown a relationship between semantic language development and
sensory processing in autistic children (Cantiani et al., 2016; de Marchena & Eigsti, 2010;
Galiana-Simal et al., 2020; Hare, 2019; Matson et al., 2012; O’Connor, 2012; Robertson &
Baron-Cohen, 2017; Thye et al, 2018;) That is, atypical processing of sensory input has the
potential to affect the development of a person’s view of the world around them therefore affect
the way they categorize and label what they encounter. For instance, if a child regularly becomes
distracted, feels threatened by sensory input or feels the compulsion to seek out specific sensory
stimulation, more complex behaviors and thought patterns, such as those related to speech and
language may not develop in the same way they would in a neurotypical child. Additionally, if
sensory information is integrated differently, it may reduce the richness of semantic language.
Given this association, it is reasonable to believe that atypical sensory processing might be
linked to differences in semantic abilities in those on the autism spectrum. Unfortunately, the
above relationship is not fully understood, especially in terms of its neurophysiological
underpinnings. Thus, the aim of the current study is to examine the association of semantic
language function and sensory processing in autistic children.
Autism Spectrum Disorder
Published works on autism began to be emerge in the early 1940s and over the years the
diagnostic criteria and terminology have evolved (Asperger, 1944/1991; Kanner, 1943). The
current diagnosis is called autism spectrum disorder (DSM-V). However, in the interest of
respecting published language preferences we will use the term autistic/autism or related variants
throughout the current paper (Bottema-Beutel et al., 2021; Kenny et al., 2015). The core
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diagnostic behaviors of autism as stated by The Diagnostic and Statistical Manual of Mental
Disorders Fifth Edition (DSM-V) are deficits in social communication and restricted and
repetitive behaviors (American Psychiatric Association [APA], 2013). Social communication
deficits may present as reduced emotional range, decreased or absence of emotional reciprocity,
or failure to initiate social interactions. Nonverbal communication is also listed as a potential
area of difficulty and can be manifested in differences in eye contact and facial expression.
Restricted and repetitive behaviors (RRB) are also a common feature of autism and are present to
one degree, or another in most autistic people. Sensory atypicalities are highly correlated with
both low and high-level RRBs. For example, in some, RRBs may represent an attempt to
alleviate the anxiety and uncertainty caused by atypical sensory integration and modulation
(Gabriels et al., 2008; Gal et al., 2009; Joosten & Bundy, 2010; Suarez, 2012). Within the
criterion of RRBs, the DSM-V lists abnormal sensory processing. Upwards of 90% of autistic
individuals present with either hyper- or hypo-reactivity to sensory input and/or sensory seeking
behaviors (APA, 2013; Faras et al., 2010; Robertson & Baron-Cohen, 2017).
Diagnosis and Atypical Sensory Processing
Many parents of children diagnosed with ASD can recall evident symptoms early in
development. When looking back on their child’s first 12 months, they might recollect extremes
in temperament such as marked passivity or irritability. They also often mention poor eye contact
and a diminished or absent response to other peoples’ voices or attempts to engage the child
(Mitchell et al., 2006). These symptoms could indicate early sensory issues and though they are
among the first autistic traits to develop, they are not the symptoms that usually lead to diagnosis
(Robertson & Baron-Cohen, 2017; Thye et al., 2018). Rather, it is generally communication or
language delays that prompt a caregiver to confide their concerns to a health care provider
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(Mitchell et al., 2006). Such language delays are often noticed around 18 months or later (De
Giacomo & Fombonne, 1998).
At one time, sensory abnormalities were thought of as a co-occurring or peripheral
symptom of autism, even though sensory symptoms were virtually ubiquitous in these
individuals and have been associated with autism since its first reports (Marco et al., 2011).
However, the DSM-V inclusion of sensory symptoms as part of the diagnostic criteria for autism
led to a shift in thinking (APA, 2013). Researchers are now taking a closer look at sensory
symptoms and their relationship to other diagnostic features such as restricted and repetitive
behaviors and social communication (Robertson & Baron-Cohen, 2017; Thye et al., 2018).
Language in Autism
Quantifiable differences in language development are a core diagnostic criterion of
autism. However, the severity of such differences varies across the spectrum from mild to
extremely severe (Boucher, 2003). For instance, those with mild differences are often verbally
competent, capable of excellent academic performance, and can live independently. While the
most severely affected individuals often experience intellectual disabilities, minimal
communication skills, serious behavior difficulties, and sometimes require life-long care.
Autistic children’s language often develops in much the same sequence as neurotypical
children, but their progress is sometimes slower. In some cases, it takes many years to master
skills neurotypical peers achieve early in development (Gernsbacher et al., 2016; Rice et al.,
2005; Schaeffer et al., 2020). Some common developmental language differences among autistic
children are delayed language acquisition, absence of pointing to distinguish significant items or
events, reduced eye contact, and fewer spontaneous speech productions. In addition, up to 30%
of children experience skills regression that includes, among other things, the loss of developed
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language skills (Matson et al., 2012; Rice et al., 2005). These deficits are linked directly to social
interaction and can lead to more severe pragmatic difficulties. As children age, the misuse of
language in social situations becomes increasingly noticeable and complex in nature. This is
marked by differences in turn taking and topic maintenance, inflexible semantics, different
intonation and modulation, and delayed verbal responses (Matson et al., 2012). The cause of
these differences is unknown. However, some previous studies have shown that atypical sensory
modulation and integration and language abilities in individuals with autism are correlated
(Cantiani et al., 2016; de Marchena & Eigsti, 2010; Matson et al., 2012; Hare, 2019; O’Connor,
2012; Robertson & Baron-Cohen, 2017; Thye et al., 2018).
Language Development
To develop language, a speaker must be able to both perceive environmental stimuli and
perform multiple functions accurately including listening, separating salient input from noise,
assigning meaning to pertinent input, and operating musculature to create the sounds needed to
express the words. This process includes the five domains of language: phonology, morphology,
syntax, semantics, and pragmatics. In the current study, we focused on the language domain of
semantics—the domain of language that deals with assigning meaning to words. It encompasses
the development of a vocabulary, but its purpose is more complex than the ability to correctly
assign definitions. In actuality, semantics provide the tools necessary for thought. Semantic
systems rely on visual, auditory, tactile, and other sensory input to organize and categorize the
external world. This information, in turn, provides units of meaning that become the material
necessary for cognitive processes (Crystal, 1981; Martin & Baggio, 2019). The study of
semantics in autism has yielded conflicting results. On one hand, some studies have concluded
that individuals with autism are relatively unimpaired in both comprehension and production of
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semantics (Eigsti et al., 2006; Kjelgaard & Tager-Flusberg, 2001; Mottron et al., 2001; TagerFlusberg, 1985). However, other studies indicate semantic differences are present in autistic
individuals across the spectrum (Gladfelter & Goffman, 2017; Harris et al., 2006; Kamio et al.,
2006; Kelley et al., 2006; Levinson et al., 2020; Matson et al., 2012; Mody & Belliveau, 2012;
Moseley et al., 2013; Norbury et al., 2010; Rice et al., 2005). For example, in a study done by
Kelly et al. (2006), even autistic individuals with normal IQs who attended mainstream classes
demonstrated semantic delays. Additional research shows children with autism are less likely to
rely on shape bias when learning new words. Shape bias is the process of generalizing a word to
apply to objects of similar shape. For example, typically developing children as early as 2 years
of age may see a kitchen chair, an office chair, and a cushioned armchair and call them all
“chair” because of their similar shape (Hupp, 2015). However, an autistic child is less likely to
employ this method of semantic language processing. They are less likely to note a black cat as
an archetype but rather as a unique exemplar that can’t be generalized to something like orange
kittens (Hartley & Allen, 2014). Rigid word meaning is also a notable feature of many autistic
individuals’ language (Landa, 2002). Autistic individuals have trouble extrapolating information
or stimuli from one experience to another. If the stimuli and information is simple, consistent,
and/or literal, they are often more easily learned. However, as they grow in complexity, as
language often does, it becomes less predictable, leading to difficulty using multiple experiences
or stimuli to create abstract representations such as language/words to represent a single
construct (Van de Cruys et al., 2014).
As many autistic children mature, they are also less likely than typically developing (TD)
peers to include semantic details when defining words (Norbury et al., 2010). Also, if asked to
produce categorical lists, such as naming animals the typical learner will often use semantic
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relationships to form groups—e.g., they may start with animals found on farms and then move
on to animals that live in the ocean. Autistic children are more likely to produce idiosyncratic
lists (Bowler et al., 2007). Autistic children also show deficits in use and comprehension of
mental state verbs such as remember, know, or think (Kelley et al., 2006). Finally, semantic
priming deficits have been shown in autistic children across the spectrum (Kamio & Toichi,
2000, Kamio et al., 2006). Semantic priming is the ability to use a word that is related to a
desired response to increase response time, such as saying /apple/ to prime the response /pear/
(Heyman et al., 2015). Overall, semantic processing in autistic children appears to commonly
differ in at least the creation of categories, rigid/literal language, using and understanding mental
state verbs, and/or the use of semantic features to aid in recall. Semantic language is heavily
dependent on sensory input and integration, and as a unit that carries cognitive delays this single
area could potentially influence the development of other language domains.
Atypical Sensory Processing and Semantics in Autism
Significant sensory difficulties are present in a high percentage of autistic individuals,
with reports showing a prevalence of up to 95% (Hazen et al., 2014; Klintwall et al., 2011;
Marco et al., 2011; Robertson & Baron-Cohen, 2017; Tomchek & Dunn, 2007). Atypical sensory
processing is possible in every sensory modality (Kientz & Dunn, 1997; Rogers & Ozonoff,
2005) and can be seen in individual senses, any combination of senses, in integration and
processing of the sensory input, and sensory modulation (Kientz & Dunn, 1997). Additionally,
sensory difficulties can change based on the context, anxiety level, and a host of other factors
(McGirr et al., 2020). Thus, there is great heterogeneity of sensory difficulties across the autistic
population. Regardless of the specific sensory challenge(s) of a particular autistic person,

7
semantic language could be negatively affected. However, difficulties in some modalities have
the potential to be more associated with language differences.
Auditory
Peripheral and central hearing is pivotal for spoken language development and social
interactions that include spoken language (Vouloumanos & Curtin, 2014), which implicates this
sensory modality in many who exhibit language difficultly. Auditory stimuli begin to be received
in utero and are attuned to stimuli that relate to social interaction. For example, infants generally
show preferential attention to both speech sounds over nonspeech sounds and their parents’
voices (Birnholz & Benacerraf, 1983; Moore & Linthicum, 2007). This behavior can be used to
predict expressive and receptive language abilities (Paul et al., 2007). The pivotal role of the
auditory system in supporting spoken language development continues throughout childhood as
the child learns to isolate salient social features of language (Teder-Sälejärvi et al., 2005).
Furthermore, the auditory system is an important factor involved in the organization and
classification of the environment. Auditory object identification allows a listener to recognize a
sound as corresponding with a particular object or source; the auditory input directly shapes how
objects are understood and changes one’s general understanding of the world (Lodhia et al.,
2017). This general understanding is represented in semantic language (Crystal, 1981).
Many of these functions listed above may be different among autistic individuals. For
instance, many autistic children have been shown to have stronger responses to nonspeech
sounds like clicking, as well as delayed responses to phonemes (Russo et al., 2009). Autistic
individuals may also exhibit sensitivity to loud sounds, reduced auditory orientation, impaired
perception of prosody, and diminished auditory stream segregation (Khalfa et al., 2004; Paul et
al., 2007; Russo et al., 2008; Thye et al., 2018). Some autistic individuals present with an
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impaired ability to isolate salient auditory information, such as speech/language in noisy
situations (Teder-Sälejärvi et al., 2005). Atypical object processing has also been found in autism
(Lodhia et al., 2017). The presence of any of these auditory differences could potentially alter the
way semantic information is perceived, classified, and prioritized creating semantic language
differences (Klintwall et al., 2011; Robertson & Baron-Cohen, 2017; Thye et al., 2018).
Vision
Visual stimuli have been studied extensively in autism and a number of alterations in
visual function have been noted including contrast sensitivity, color perception, field of view
size, boundary detection and ocular motor function as well visual form processing, motion
perception, and spatial attention (Goldberg et al., 2002; Nowell et al., 2020; Robertson & BaronCohen, 2017; Thye et al., 2018). Additionally, discerning the meaning of changing facial
expression or emotion recognition, being able to exhibit joint attention speech recognition, and
the ability to imitate (Bebko et al., 2013; Stevenson et al., 2014), all benefit from appropriate
integration of visual stimuli. In contrast, visual strengths have also been found in individuals
with autism. For instance, studies have shown that autistic individuals can be less susceptible to
visual illusions, may have superior visual search abilities, and show particular talents in detail
orientation (Gliga et al., 2015; Happé, 1996). These differences and strengths can lead to visual
bias that change the emphasis of visual stimuli. For example, when looking at a scenic picture of
a mountain lake the autistic individual may focus on the sharp contrast between the lake and the
shore but miss the man fishing, and therefore neglect a semantically significant detail. Overall,
visually, there appears to be enhanced focus on the details of an image but a hampered ability to
efficiently process the global view in many autistic individuals. To a large extent, language is
reliant on the ability to process and combine salient sensory input (Galiana-Simal et al., 2020). If

9
a whole picture cannot be formed from details, semantic connections are less likely to be made.
That is, when one processes the visual world differently than the majority of others, the result
may be social and semantic understanding differences such as, atypical development of semantic
networks and schemas. Thus, visual processing differences can lead to deleterious effects on
semantic development.
Somatosensorial, Olfaction, and Gustation
Like other sensory stimuli somatosensory, olfactory, and gustatory function have also
shown to be altered in autistic individuals (Brang & Ramachandran, 2010; Cascio, Moana-Filho,
et al., 2012; Foss-Feig et al., 2012; Tomchek & Dunn, 2007). The effect of processing in these
modalities on the development of speech and language is less thoroughly researched. However,
hyper- or hyposensitivity to these stimuli alone may decrease the drive to participate in social
interactions and therefore lead to a negative impact on communication development as well as
decrease neurological connections made and strengthened by sensory experiences (Brang &
Ramachandran, 2010; Foss-Feig et al., 2012). In addition, semantic understanding of the world is
informed by all sensory input. Thus, abnormal, or decreased input from any sensory areas could
potentially lead to the development of semantic differences.
Sensory Modulation
Sensory modulation is the ability to organize and regulate sensory responses and adapt to
environmental changes (Brown et al., 2018). Even if sensory information is received typically if
there is difficulty with sensory modulation there is continued potential for atypical language
development. Sensory modulation can be broken into three categories as follows: (a) sensory
over-responsivity, or an exaggerated, negative reaction to sensory stimuli (e.g., a child may
express extreme distress when the seam of his sock touches his toes); (b) sensory under-

10
responsivity (characterized by an individual responding slowly to, or being unaware of, sensory
stimuli, e.g., an autistic individual might not respond to his name being loudly and repeatedly
called or may not show adverse response to temperatures that can burn); (c) sensory seeking is a
preoccupation with a specific sensory stimulus that is prolonged and intense, e.g., an autistic
child may continually sniff magazine covers (Ben-Sasson et al., 2008; Hazen et al., 2014; Marco
et al., 2011). These modulation differences may obscure, overemphasize, or underemphasize
salient input important to social functioning and could lead to impaired language development.
For example, sensory seeking may be employed to cope with uncomfortable/unpredictable
environments (Kientz & Dunn, 1997), or to compensate for a low registration of sensory input
(Feldman et al., 2020). Whatever its purpose, sensory seeking behavior demonstrate a need for
sensory input that may require biological/neurological resources that would no longer be
available to assist in the acquisition of semantics.
Sensory Integration
Sensory information is typically gleaned from the stimuli received from every sensory
modality, and assuming they possess an appropriate synchrony and temporal relationship, each
stimulus is combined to give a global view of the whole rather than a disconnected
representation of the parts. This process is called sensory integration. For instance, if someone
waves and says hello, the gesture, the sound of the word, the movement of the lips, and the
meaning of the word would all be bound together to represent a typical social greeting. This is
also called multisensory perceptual binding and evidence suggests that some autistic people can
have difficulties with this kind of processing (Stevenson et al., 2014). Previous research has
focused particularly on audiovisual perceptions. For example, Bebko et al. (2013), published a
study involving the McGurk effect and autistic children. The McGurk effect occurs when one
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sound is presented visually /ga/ and another sound is represented acoustically /ba/ and the
conflict results in the perception of a different syllable /da/. The study showed that autistic
children relied heavily on the audio input rather than the combined audiovisual and were
significantly less susceptible to the McGurk effect (Stevenson et al., 2014). In another study
performed by Cascio, Foss-Feig, et al. (2012), they found that people with autism were less
susceptible to visual tactile illusions as well. The Weak Central Coherence theory of autism
supports this finding and suggests that individuals with autism are attuned to see the individual
components of information rather than the gestalt (Stevenson et al., 2014). This more
fragmentary view of the world could lead to delayed development of higher order processes that
rely on sensory integration, such as semantic language.
Previous studies have demonstrated that sensory differences are experienced by most
individuals with autism. Research has also shown a connection between Autism sensory
symptoms and language development (Baranek et al., 2013; Khalfa et al., 2004; Mayer &
Heaton, 2013; Rice et al., 2005). However, despite this apparent correlation, a root cause for
language delays and atypical integration and modulation of sensory input has not yet been found
and warrants further study, especially in the area of neuroscience. That is, given the theoretical
and behavioral connection between sensory processing and language development and function
in autism, there may be overlapping or related neural underpinnings.
Neurobiological Areas of Interest
While there seems to be a correlation between sensory processing and semantic language,
the question of the neurobiological mechanisms that contribute to this association remains
unanswered. Several have investigated a number of structures in the brain that contribute to
either sensory abnormalities or language, such as sensory cortices, the cerebellum (Cardon et al.,
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2017; Fernández et al., 2019; Rogers et al., 2013), the frontal lobe (Ecker, 2012; Ha et al., 2015),
and the amygdala (Amaral et al., 2008; Cardon et al., 2017; Sweeten et al., 2002). Specifically,
these areas might include regions such as the superior temporal cortex (STC), the angular gyrus,
the middle temporal gyrus (MTG), the inferior temporal gyrus (ITG), and the inferior frontal
gyrus. These brain areas are implicated because of the supposed role in both sensory language
processing. However, there may be other brain regions whose function may be related to the
above. For instance, the cerebellum is highly connected to all sensory systems and plays a role in
sensory integration and the formation of top-down predictions about these inputs (Becker &
Stoodley, 2013; Moberget & Ivry, 2016; Sokolov et al., 2017). This aspect of sensory processing
allows past experiences to influence present sensory processing. As such, the cerebellum appears
to be instrumental in reducing the degree to which sensory inputs are processed literally and
rather enhances one’s top down (i.e., non-literal) influence on present sensory processing. Thus,
one’s ability to build semantic schema and categories could be influenced by the contributions of
the cerebellum to sensory processing, in those new experiences would be connected to past ones,
allowing for integration across exposures to similar objects, people, places and circumstances
rather than processing each new experience as novel (i.e., literally).
Overall, there are differences in uni-sensory processing, sensory modulation, and
multimodal sensory integration. Theoretically an atypical perception, categorization, or emphasis
could dramatically alter the way an environment or an experience is understood. This would
logically lead to a difference in the formation and organization of semantic knowledge which not
only affects the way an autistic individual is able to communicate, but the way they
conceptualize the world around them. Thus, this study hypothesizes that a significant correlation
will be seen between behavioral measures of semantic language abilities and sensory symptoms
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in autistic children. Furthermore, we hypothesize that such a correlation will also be related to
atypical functional connectivity in areas of the brain that specialize in general language, semantic
language and sensory integration, such as the STG, the AG, the MTG, the ITG, the LIFG, and
supramodal sensory integration brain regions, such as the cerebellum.
Methods
Participants
Participants for the current study were 20 school-aged children with a confirmed
medical/clinical diagnosis of ASD (18 male, mean age=8.95 years; SD 1.72) and 22 typically
developing peers (TD; 18 male mean age= 9.23 SD 1.53). ASD diagnoses were given according
to DSM-IV or -V criteria and assessment via the Autism Diagnostic Observation Scale-2
(ADOS-2) by local clinicians. Additionally, we used The Social Communication Questionnaire
(SCQ) and The Social Responsiveness Scale, Second Edition (SRS-2) to obtain a measure of
autistic traits and social communication. (See Table 1 for additional demographic information).
Inclusion criteria included being within the age range of 6-11 years and no history of cooccurring developmental disabilities, epilepsy, traumatic brain injury (TBI), head injury,
neurological disorders, Fragile X Syndrome, or traumatic brain injuries. Our team observed that
all participants were highly verbal and able to communicate effectively. Participants were
recruited through letters sent to families who had participated in previous autism studies at the
JFK Partners Autism Center at the University of Colorado Anschutz Medical Campus, and
outreach was made to other locations that provide autism therapies in the Denver, CO area. TD
participants were obtained from the Denver area by word of mouth and by contacting both after
school and homeschool programs in Denver. All recruitment, consent, and testing procedures
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were in compliance with the Colorado Multiple Institutional Review Board (COMIRB; IRB of
the University of Colorado Medical School).
Instrumentation
To measure sensory processing and language, we implemented two behavioral
measures—the Short Sensory Profile (SSP), and the Children’s Communication Checklist (CCC2).
The Short Sensory Profile
The SSP (Kientz & Dunn, 1997) is a shortened version of the Sensory Profile (SP) it
contains 38-questions that are answered by caregivers. The original SP had 125 items and had a
sample size of 117 children ages 3–17. The SSP was created by withdrawing 87 items that did
not measure sensory modulation or did not demonstrate a distinct difference in disorder sensory
and typical groups (Williams, Failla, et al., 2018). This test analyzes sensory processing in seven
categories: Auditory Filtering, Low Energy/Weak, Movement Sensitivity, Tactile Sensitivity,
Taste/Smell Sensitivity, Under-responsive/Seeks Sensation, and Visual/Auditory Sensitivity
(Tomchek & Dunn, 2007). Individuals are classified as demonstrating one of the following: (a)
definite difference, (b) probably difference, or (c) typical sensory processing. The SSP ranks
second in assessment used to measure sensory modulation in published studies followed by the
original SP (Williams, Failla, et al., 2018). The total score indicates atypical differences in
children with autism and the subscale scores are used for autism phenotypic grouping (Uljarvić
et al., 2016). The lower the score the less favorable the results. The SSP was chosen for this
study because it is relied on heavily in autism literature (Crasta et al., 2020). Additionally, it was
selected because it demonstrated improved ability to discriminate between atypical and typical
presentation compared to the SP, it has moderate to strong internal consistency ranging from
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0.70–0.90 across sections (Tomchek & Dunn, 2007), and it has a short administration time of
approximately 10 minutes.
The Children’s Communication Checklist Second Edition
The Children’s Communication Checklist, Second Edition (CCC-2) is a caregiver
questionnaire with 70 items. It assesses children’s communication skills, specifically the child’s
speech, semantics, morphology, syntax, and pragmatics. This test can be used for children
between the ages of 4:0-16:11 years. The child must be able to communicate in sentences and
use English as their primary language (Bishop, 2006). The CCC-2 provides scaled scores,
composite scores, index scores and percentile ranks. The scaled scores are norm referenced with
a mean of 10 and standard deviation of 3 and provides a measure: Speech, Syntax, Semantics
Coherence, Initiation, Scripted Language Context, Nonverbal Communication, Social Relations,
and Interests (Bishop, 2006). The general communication composite standard score (GCC) can
be used to identify children who have clinically significant communication issues. The GCC is
norm referenced with a mean of 100 and a standard deviation of 15 (Bishop, 2006). The lower
the score the less favorable the results. The CCC-2 was selected to use with this research because
of its strong presence in studies involving autism (Wellnitz et al., 2021), its relative ease of
completion for caregivers, its ability to looks at individual language domains such as syntax,
semantics, speech, and pragmatics and because it may be used as a general screener for ASD
(Norbury et al., 2004). Another advantage to using the CCC-2 is that it is designed to identify
pragmatic deficits even when other language domains measure as typical (Norbury et al., 2004).
Finally, this test was selected over tests with a more specific focus on semantic language because
this test has the potential to provide a profile of a child’s real-world communication abilities
(Norbury et al., 2004).
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Procedures
Data were collected at the Brain Imaging Center at the University of Colorado Anschutz
Medical Campus. Before completing the imaging, participants were screened for anything that
would prevent them from completing an MRI scan (i.e., no metal present in the clothing or on
their person/implanted) and then changed their street clothing to hospital-grade scrubs for their
safety. Testing sessions were completed within 2 hours including providing consent. During the
first hour of the research appointment, caregivers and subjects completed the consent/assent
process. The participants were shown the testing facility including observation of the MRI room,
scanner, and other necessary equipment to familiarize themselves with their environment and
decrease levels of discomfort. Subjects selected a movie of their choice to play while the
anatomical scan was completed. During the second hour, an eight-minute, resting-state
functional magnetic resonance imaging scan (rs-fMRI) and anatomical MRI were completed.
Prior to scanning, subjects were informed that they should attempt to remain as still as possible.
Each individual was warned that the scanner would be loud, but that it was not dangerous. As
soon as the participant indicated they were comfortable, goggles and headphones were placed
over their eyes and ears to help decrease the effect of the scanner noise. Participants were
instructed to remain awake, with their eyes open and fixed on a white cross that appeared on a
black background during the fMRI scan. A 3 Tesla Siemens Skyra MRI scanner housed on the
University of Colorado Anschutz Medical Campus was used to obtain the structural and
functional MRI data. During the scanning session a T1-weighted anatomical scan
(magnetization-prepared rapid gradient-echo, MP-RAGE) was obtained to provide coregistration and normalization to Montreal Neurological Institute (MNI) space for each child.
Additionally, whole-brain blood oxygen level-dependent (BOLD) datasets were collected for
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each participant using the following parameters: 40 axial slices, 2.5 mm thick with 0.5 mm gap,
220 mm2 fov 64 squared matrix = 3.43 mm3 voxels, repetition time = 2500, echo time = 30 ms.
If an individual required a break, they were asked to indicate their needs to the researchers and
were allowed to leave the scanner. Additionally, while the participants were in the rs-fMRI, their
caregivers were asked to complete the aforementioned questionnaires. Caregivers were also
allowed to watch their children in the MRI scanner for the duration of the scan via a closed loop
video feed. Once the scan and questionnaires were completed, the participants were compensated
for their time and effort with $15 and hour for adults and $10 per child under eighteen years old.
Data Analysis
Total and sub-test scores for the SSP, The CCC-2 and the SCQ and SRS-2 were
computed for each subject. Because data were not distributed normally, Mann-Whitney U tests
were used to compare between-groups differences among scores from each questionnaire. In
addition, within groups Spearman rank order correlations were calculated between the total
scores of the SSP and CCC-2 to determine their relationships. Additionally, specific correlations
were run between the semantic scores included in the CCC-2 and other behavioral measures.
Furthermore, both the structural and functional MRI/fMRI data were imported into the
Conn toolbox within Matlab (Whitfield-Gabrieli & Nieto-Castanon, 2012) for analysis, which, in
addition to its own analysis sequences, uses many of the routines from the Statistical Parametric
Mapping software package (SPM 12; Functional Imaging Laboratory Method Group, 2014).
Overall, functional connectivity analysis of resting state fMRI (rs-fMRI) data was assessed
between several language and sensory-related networks—containing the previously discussed
brain regions of interest. To carry out this analysis, rs-fMRI data was pre-processed/de-noised to
reduce artifacts, primarily caused by subject movement. After pre-processing, consisting of,
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temporal high pass filtering, spatial Gaussian smoothing (6 mm3), co-registration, and motion
correction using the ArtRepair toolbox within the CONN toolbox, rs-fMRI data was normalized
to MNI space. Then, we performed group independent components analysis (ICA) on rs-fMRI
concatenated across the autistic and neurotypical children using Conn (Calhoun et al., 2001). We
extracted an appropriate number of independent components (e.g., networks of similar brain
activity over time) from these data. Any independent components (IC’s) that were determined to
be composed of noise (e.g., activity in voxels outside of grey matter, motion) were excluded
from future analyses. Following this initial exclusion of IC’s, other IC’s containing areas of
activation corresponding to our hypotheses were selected as networks of interest. Such areas of
interest were areas associated with language and sensory processing or integration and included
networks comprised of, or overlapping with, the superior temporal cortex, angular gyrus, middle
temporal gyrus, inferior temporal gyrus, left inferior frontal gyrus, and supramodal areas and
networks, such as the cerebellum and default mode network (DMN). Then, we subjected these
networks of interest to a spatial match to the template within CONN using the 10 common ICs
reported in Smith et al. (2009), the 90 ROIs found in Shirer et al. (2012), and the networks
included in the Conn toolbox. This step accomplished two goals: (a) to further discriminate
between true networks of interest and those containing spurious data and (b) to assign a
functional name to each of our networks of interest. Those IC networks that didn’t match well
with the aforementioned network templates will also be excluded from analysis. A full list of the
IC networks chosen for functional connectivity analysis can be seen in Table 2.
Following determination of IC networks of interest, several distinct functional
connectivity analyses were carried out. First, differences in, within network connectivity were
tested between the autistic and neurotypical children in each of the retained IC networks via
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independent samples T-tests within Conn. Multiple comparisons correction (i.e., Bonferroni) was
applied to the above analysis. Second, functional connectivity between each IC network and all
other voxels in the brain that are associated with the SSP, and the CCC-2 scores was assessed
within each participant group in Conn, controlling for age and sex (cluster-based Gaussian
random field theory parametric statistics; Worsley et al., 1996). Two-sided family wise error rate
(FWE) corrections (p<0.05) were applied to the cluster sizes of connected voxels for each IC
network. Final significance of connectivity patterns for each IC-voxel-behavioral measure
combination were determined, as above, through Bonferroni correction across IC network results
corresponding to each behavioral questionnaire. Connectivity values (z-scores) were extracted
for all participants in each of the above comparisons. These values were then be imported into
SPSS in order to determine the strength of the relationship between functional connectivity
indices and behavioral performance via Pearson’s partial correlation, controlling for age and
sex.
Results
Between Groups Results
Autistic and TD groups differed significantly on all behavioral measures employed in the
current study. As a group, autistic individuals expressed greater sensory difficulties (lower and/or
less favorable scores; SSP total scores; mean = 122.90, S.D. =24.96; U=744.50; p=< .0001) than
their TD counterparts (mean = 170.10, S.D.= 13.89). Additionally, the autistic group scored
significantly lower (less favorably) on the CCC-2 composite language (mean = 80.21; S.D.15.05;
U=407.50; p=< .0001), than the TD participants (mean = 107.24; S.D. 11.35). The semantic
language subtest scores for autistic participants were also lower (less favorable; mean= 8.05;
S.D.= 2.95 U= 358.00; p=< .0001) than the TD group (mean=11.14; S.D.= 2.14).
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Within Groups Behavioral Correlations
Several significant correlations of interest were observed in our autistic group. For
instance, analysis revealed a significant association between SSP total score and CCC-2
semantic language subscores (r=0.67; p=< .0001) and CCC-2 composite language scores
(r=0.76; p=0.00). Additionally, when looking at individual SSP subtests, analysis showed that
sensory seeking scores were significantly correlated with CCC-2 semantics scores (r=0.63; p=<
.0001) and general language composite scores (r=0.72; p=< .0001). Additionally, the
auditory/visual sensitivity SSP subtest demonstrated a significant positive linear relationship
with the CCC-2 semantic subscore (r=0.59; p=0.01). Other SSP subtests were not significantly
correlated with semantics scores.
TD participants also showed a correlation between semantic subscores and SSP total
scores (r=0.55; p=0.01). In the TD group, we also observed a significant relationship between
the general composite language scores on the CCC-2 and SSP total scores (r=0.62; p=< .0001).
CCC-2 general composite language score was also significantly correlated with SSP sensory
seeking subtest scores (r=0.65; p=< .0001). Unlike the ASD group, the TD group’s strongest
correlation with semantic language was auditory filtering (r=0.70, and p=< .0001), rather than
sensory seeking scores. (See complete results in Tables 3, and 4).
rs-fMRI Analysis Network Connectivity
We hypothesized that rs-fMRI data in our autistic group would demonstrate a correlation
between semantic language scores and language, sensory, and supramodal brain areas. Our
analysis revealed a correlation between 3 Independent Components Networks (IC-networks) and
CCC-2 Semantic subscores. That is, network connectivity analysis designed to examine
connectivity patterns between IC-networks, other connected voxels, and the CCC-2 Semantic
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Subscale, within our group of autistic children showed that the networks represented in IC12
(Figure 3), IC13 (Figure 4), and IC14 (Figure 5) all showed notable correlations with our
behavioral measures. (Details concerning all IC networks examined and the connectivity results
can be seen in Table 3.)
The network represented in IC12 was composed of frontal, parietal, and temporal brain
regions. This network exhibited negative connectivity with the left and right pre- and postcentral
gyri which was significantly related to CCC-2 Semantic Subscale scores (r=-0.88; p<0.001),
such that lower degrees of connectivity were associated with more favorable semantic language
scores. Also, IC13, made up of frontal, parietal, and temporal brain regions, exhibited positive
connectivity with posterior cingulate (PCC) and precuneus cortical areas. This connectivity was
significantly positively related to CCC-2 semantic scores (r=0.84, p<0.001)—i.e., lower degrees
of connectivity were associated with less favorable semantic language scores. Finally, the
network represented in IC14 included cerebellar brain regions. This network exhibited positive
connectivity with right insular and lingual gyrus cortical areas that was positively correlated with
CCC-2 Semantic scores (R Insula: r=0.80, p<0.001; lingual gyrus: r=0.82, p<0.001), such that
lower degrees of connectivity were associated with less favorable semantic language scores
among our autistic participants.
Discussion
The aim of the current study was to examine the association between atypical sensory
processing and language abilities (esp. semantic language) in autistic children, while also
exploring the possible neuroanatomical underpinnings of these behaviors. Our hypothesis
projected significant differences between the behavioral performance of autistic and neurotypical
children on measures of sensory processing and language. We also hypothesized that a
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significant correlation between sensory behaviors and semantic language would be found.
Furthermore, we proposed that correlations between these behavioral measures and functional
connectivity in the sensory, supramodal, and language areas of the brain would exist. Overall,
every behavioral measure demonstrated statistically significant differences between TD
participants and the autistic group. Both groups also demonstrated significant relationships with
composite general language scores and the total scores on the SSP, and semantic subscores from
the CCC-2 and the SSP total scores. Additionally, for the autistic participants we found that the
SSP sub-score that was most significantly associated with semantic language and the general
composite language score was sensory seeking behavior. Brain regions that were included in
significant network-behavior connectivity were in line with our hypotheses, though also
presented associations we had not considered. Taken together, these findings suggest a strong
link between sensory processing difficulties, language performance, and related brain network
connectivity in autistic children, which supports our original hypotheses overall. The following
paragraphs will discuss these findings in the context of existing literature, as well as future
directions, clinical implications, and study limitations.
Language and General Sensory Processing Differences
In general, language abilities (Boucher, 2003; Gernsbacher et al., 2016; Rice et al., 2005;
Schaeffer et al., 2020) and sensory processing (Hazen et al., 2014; Klintwall et al., 2011; Marco
et al., 2011; Tomcheck & Dunn, 2007) are commonly different between autistic and neurotypical
children, even though both of these factors may vary continuously across the entire population
(Robertson & Baron-Cohen, 2017). Consistent with this notion, the current study demonstrated
differences in language abilities between our autistic and TD children. Generally, our autistic
participants scored lower (less proficient) on language scores as measured by the CCC-2.
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Additionally, sensory processing was significantly different between both groups, with autistic
group members generally expressing more sensory difficulties than TD participants (See Figure
1). These findings are in keeping with existing literature ((Hazen et al., 2014; Klintwall et al.,
2011; Marco et al., 2011; Robertson & Baron-Cohen, 2017; Tomchek & Dunn, 2007).
Difficulties with both semantic language and sensory processing have the potential to result in
significant challenges for those who experience them. Exploring possible relationships between
these two factors could lead to breakthroughs in designing and implementing supports in these
areas of behavior.
Our findings demonstrated a significant correlation between sensory processing and
language scores in both autistic and neurotypical children, though these relationships appear to
be stronger in those on the autism spectrum. See Figure 2). Of particular interest are the
correlations between semantic language and sensory processing that we observed. Because
higher order language is heavily reliant on the processing and integration of numerous stimuli,
including, but not limited to, speech sounds, voicing, gesture, word choice, biological motion,
prosody, intonation, and facial expression, autistic individuals may have difficulty determining
which of the many sensory inputs at any given moment are pertinent for language development
and/or focusing on or adaptively processing such inputs. Importantly for the current study, such
differences in sensory processing and integration have the potential to affect one’s semantic
understanding of the world. For instance, many autistic people present with differences in their
reliance on processes such as shape bias (Hupp, 2015), or auditory object identification (Lodhia
et al., 2017). Shape bias is the ability to see an animal like a Chihuahua and then to encounter a
Husky and still identify both as dogs, regardless of their many differences in physical
characteristics. Auditory object identification might present as the ability to hear a singer being
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accompanied by a banjo and trumpet and knowing there are three individual and distinct sound
sources (Bizley & Cohen, 2013). In addition to the above difference, people with autism are
often drawn to alternate features visually and attuned to distinctive auditory stimuli than that of
the neurotypical population (Robertson & Baron-Cohen, 2017. This information reasonably leads
to our assertion that when sensory input is organized and prioritized differently, it may affect the
way semantic language representations and categorizations are created. These differences could
lead to a difference in the development of this domain of language (Hare, 2019). This is also
demonstrated in children who experience sensory differences due to vision loss. These children
appear to have language similar to children without vision impairment, but when probed,
semantic differences are regularly apparent—e.g., incomplete definitions are formed in their
lexicon due to the absence or alteration of a single sensory input (Vervloed et al., 2014). Thus,
significant statistical relationships between behavioral sensory processing and semantic language
are justified.
In the TD group, we observed a similar relationship between general composite and
semantic language scores and the SSP total scores. Though this finding was expected, it is still of
note, due to its novelty. Firstly, autistic traits can be expressed in one degree or another, often
subclinically, across the entire population. This phenomenon is known as the Broader Autism
Phenotype (BAP; Landry & Chouinard, 2016). Given the existence of the BAP, it would be
logical to believe that associations between sensory processing and semantics would be reflected
in similar though less pronounced ways across the entire human population. Furthermore,
sensory input is vital for the development of language in general. An additional example of the
possible impact of sensory experiences on language development among typically developing
populations is seen in anthropology in which some researchers study the language used by
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different civilizations to work backwards to learn more about the biological sensory experiences
of those cultures (Majid & Levinson, 2011) For example, Roberson et al. (2006) completed a
study with members of the Himda tribe found in Namibia. Interestingly, the language spoken in
this culture has no word for blue. Researchers worked backward from this knowledge to form a
study that would determine whether members of this tribe could perceive blue. The results
demonstrated that members of this tribe were indeed less able to distinguish blue from other
colors (Roberson et al., 2006). The important connection between sensory experiences and
language means that it is probable that TD children might demonstrate a correlation between
language development and sensory input even if they were experiencing more typical scores on
the SSP. These findings suggest a fundamental relationship between sensory processing and
semantic (and general) language, regardless of diagnosis.
Sensory Subtypes and Semantic Language in Autism
Sensory seeking behavior was particularly associated with language performance in the
current study. This finding is consistent with previous research, which shows that sensory
seeking behavior may be related to lower cognitive abilities and impaired communication
abilities (Feldman et al., 2020; Watson et al., 2011; Zachor & Ben-Itzchak, 2013). For instance,
Watson et al. (2011) found significant negative correlations between sensory seeking behavior
and language development. Feldman et al. (2020) recently presented evidence that, of all sensory
sub-types, sensory seeking behaviors were most negatively associated with language
performance across their sample of autistic and TD children. Since sensory seeking represents a
desire by affected individuals for more intense or repetitive stimulation, it may also be indicative
of a form of low registration. In other words, individuals with sensory seeking tendencies may
feel or perceive atypically low sensory stimulation and, therefore, seek it out more readily than
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others (Kientz & Dunn, 1997). Thus, sensory seeking behavior may be associated with poorer
language performance, because those who display this type of behavior may not receive adequate
sensory input to drive typical language development (Watson et al., 2011). Previous literature
has also linked sensory seeking behavior and language development in autistic children (Baranek
et al., 2018; Damiano-Goodwin et al., 2018; Nowell et al., 2020; Watson et al., 2011; Williams,
Kirby, et al., 2018). Some argue that since language is highly social and constantly variable (i.e.,
unpredictable), autistic individuals may find it difficult to process. Sensory seeking behaviors
and RRBs might be employed in such situations to reduce the anxiety and unpleasant sensory
experiences associated with language processing (Feldman et al., 2020; Liss et al., 2006; Joosten
& Bundy, 2010;) or may use such behaviors to modulate their own sensory processing of
language (Baranek et al., 2018). The above reasons are reasonable explanations for the finding
that sensory seeking is correlated with semantic language in the present, and other, studies.
We also found evidence that less favorable scores in the auditory/visual sensitivity
section on the SSP had a moderate positive linear relationship with statistical significance to
semantic subscores on the CCC-2. In autistic people, research has found both enhanced and
atypical auditory (Bonnel et al., 2003; Klintwall et al., 2011; Remington & Fairnie, 2017; Thye
et al., 2018), and visual processing (Happé, 1996; Gliga et al., 2015; Goldberg et al., 2002;
Robertson & Baron-Cohen, 2017; Thye et al., 2018). Sensory differences in both of these
sensory modalities have been tied to language development (Foss-Feig et al., 2017; Gao et al.,
2019; Robertson & Baron-Cohen, 2017; Siegal & Blades, 2003; Sugihara et al., 2006; Thye et
al., 2018). Either a hyper, hyposensitivity, or sensory seeking pattern of behavior in either
hearing or vision could affect language development. For instance, when insufficient input is
attended to or received, or when the input is so intense that it becomes overwhelming, the
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important visual and auditory information required for language may not be registered,
understood or appropriately attuned to and/or synthesized (Remington & Fairnie, 2017).
Furthermore, the connections and organization required for semantic language may be delayed in
forming due to the interruption in sensory input. Overall, it is conceivable that any and all of the
common atypicalities and even the relative enhancements seen in the visual and auditory sensory
areas in autistic people could alter the way semantic language develops leading to delays and
demonstrable differences in this language domain.
Neurobiological Correlates of Sensory Processing and Semantic Language
Through functional network connectivity analysis, we found three IC-networks that
demonstrated significant correlations with semantic subscores on the CCC-2 among autistic
participants (TD participants did not show similar results). For example, IC12—comprised of
frontal, parietal, and temporal brain regions (i.e., executive control, motor processing, language,
and multisensory integration areas)—showed positive connectivity with the left and right preand postcentral gyri (somatosensory regions). Lower levels of connectivity between these
regions correlated with improved semantic subscores. This connectivity pattern supports our
hypothesis that semantic language would be affected by the connectivity in language-related and
sensory/multisensory brain areas. The negative relationship between connectivity and behavioral
performance may suggest that lack of inhibition during sensory processing may contribute to
decreased ability to organize and integrate sensory input (Crane et al., 2009; Green et al., 2015;
Martínez et al., 2020; Sinclair et al., 2017; Tomchek et al., 2014; Watson et al., 2011). Such
decreased inhibition could, in turn, have detrimental effects on language development and
function. The hyperconnectivity demonstrated in this study is consistent with findings in
previous studies that found abnormal connectivity correlated with the severity of autism traits
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(Martínez et al., 2020, Orekhova et al., 2014; Xu et al., 2018). Furthermore, studies that examine
somatosensory brain regions and autism have found that atypical FC in somatosensory and motor
regions are often present in autism (Marco et al., 2011; Miyazaki et al., 2006). The connection
between somatosensory input and language has not been investigated as thoroughly as with other
modalities, though some connections have been found. For example, Foss-Feig et al. (2012)
found a correlation between abnormal somatosensory input and social skills and nonverbal
communication. It is also possible that aberrant FC in these regions would lead to a loss of input
that would otherwise broaden a semantic understanding. For example, when defining nouns, we
often use texture as a core feature (e.g., the cat’s tongue is rough like sandpaper). It’s logical to
assume that interrupted or altered somatosensory input would lead to some effect on semantic
language. Further research is needed to confirm this assumption.
Our spatial match to template identified IC12 was also part of the executive control
network. Executive function, though not a diagnostic feature, is commonly found to be different
in autistic people (Corbett et al., 2009; Dai & Eigsti, 2017; Joseph et al., 2005; Kado et al., 2012;
Liss et al., 2001; Yang et al., 2008), and its connection to semantic language has been explored
in previous studies. Cascia and Barr (2016) found that both receptive and expressive vocabulary
scores were related to executive function skills. Haebig et al. (2015) also found that the executive
function skills of shifting or updating (i.e., cognitive flexibility) were connected to a lexical
decision-making task across autistic and TD participants. It’s plausible that the ability to use
executive function skills such as cognitive flexibility, inhibition, working memory and planning
(Dai & Eigsti, 2017) could all impact one’s ability to interact with environmental stimuli in a
way that encourages the accumulation of well-developed semantic representations. Specifically,
aberrant connectivity between an executive control network and somatosensory brain regions
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could lead to poor top-down control (esp. inhibition) of somatosensory input, resulting in an
overemphasis of somatosensory characteristics, which would mask other salient information
causing a delay in the full development of semantic representation. It’s also possible that a
cognitive inflexibility may lead to difficulties updating semantic representation with relevant
somatosensory information also leading to difficulties updating a semantic lexicon, leading to a
less robust lexical representation, and therefore altered semantic language. However, further
research is needed to support these assumptions.
Additionally, IC13 which was also comprised of frontal, parietal, and temporal brain
regions, showed a negative association with posterior cingulate (PCC) and precuneus cortical
areas, which was correlated with improved semantic scores. The PCC and precuneus work
together to form an important node in the default mode network (DMN). The DMN is activated
when one is not involved in specific, goal-directed tasks (i.e., task-negative; Buckner et al., 2008;
Xu et al., 2018). It has also been shown to be involved in emotional processing, a sense of
self/mentalizing, and the ability to recall prior experiences (Raichle, 2015). The precuneus/DMN
may also be a key structure involved in the ability to predict actions based on mental
representations (Wang et al., 2021). This aspect of prediction can utilize mental representation
which often rely on language/semantic representations to augment their representational power
(Ünal & Papafragou, 2016). Therefore, it is possible that if one uses mental representations that
are shaped with the help of semantic labels to mentalize/predict sensory experiences, and that
mental representation is atypical, one’s ability to predict sensory sensations may be hindered.
Furthermore, the ability to build semantic representations and word schemas could also be
impeded, because of the lack or misperception of the sensory information needed to deepen
semantic representations. In other words, there is potentially a cyclical detrimental effect on
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semantic language development and prediction ability. In which poor prediction leads to
poor/less accurate semantic representations which then make future experiences with similar
concepts continually unpredictable because the cognitive representation in current use was
incomplete.
It’s also possible that abnormal FC in the precuneus/DMN may lead to a disruption in the
ability to predict sensory experiences may lead to those experiences being perceived as
undesirable or overpowering (Cardon et al., 2017; Favre et al., 2015; Markram et al., 2007) and
then leading to an avoidance of the input needed for semantic and general language
development. Germane to the current study, several reports have shown that decreased FC in the
DMN is related to increased levels of autistic traits (Jung et al., 2014; Padmanabhan et al., 2017),
including communication difficulties in autistic individuals (Assaf et al., 2010; Wang et al.,
2021). The negative relationship between the DMN and the fronto-parietal-temporal network
mentioned above, and behavioral semantic language results shown herein, supports our
hypothesis concerning connectivity patterns between sensory, distributed resting state networks,
and areas involved in language processing, and is consistent with other research demonstrating
the important role the DMN plays in autism.
Finally, IC14—cerebellum (esp. cerebellar vermis)—exhibited positive connectivity with
right insular and lingual gyrus cortical areas, such that lower connectivity in these areas was
correlated with less favorable semantic scores. The cerebellum is most prominently associated
with coordinated motor movements (Holmes, 1939; Moberget & Ivry, 2016). However, more
recent reports have shown that the cerebellum also affects affective regulation, spatial
processing, executive functions, prediction, and language (Becker & Stoodley, 2013;
Courchesne, 1997; Moberget & Ivry, 2016; Sokolov et al., 2017; Stoodley & Schmahmann,
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2009) Although its exact language function is unknown, in a single case study, Fiez et al. (1992)
found that damage to cerebellum lead to deficits in semantic knowledge, associative learning,
and verb generation. Other studies have substantiated this finding by noting the language
function of verbal memory, and linguistic predictions and adaptation were connected to the
functioning of the cerebellum (Moberget & Ivry, 2016; Sokolov et al., 2017; Stoodley &
Schmahmann, 2009). The cerebellum is also very clearly involved in sensory processing, in that
it receives inputs from all sensory systems, and helps to integrate these inputs in order to make
predictions about how to respond to them (Kern, 2002; Rondi-Reig et al., 2014; Stoodley &
Schmahmann, 2009). Thus, the cerebellum has the potential to affect semantic language as well
as sensory integration and may be an important hub of neural activity that underlies these
functions.
The insular and lingual gyrus cortical areas are part of the salience and primary visual
networks. This network integrates sensory input (i.e., sight, sound, touch, taste etc.) with internal
state information and then filters out information that isn’t salient (Uddin et al., 2013). For
example, the importance of facial expression and eye contact in social contexts may not be
deemed as salient in the autistic brain but highlighted in the TD brain (Menon, 2015).
Connections between the cerebellum and the insula/lingual gyrus may provide clearer indications
of salient sensory input (i.e., perhaps through accurate predictions) and, in turn, lead to favorable
language and sensory results, and vice versa. Furthermore, these findings point to the importance
of cerebellar-sensory connectivity since the lingual gyrus is considered a primary visual cortex.
Other studies have looked specifically at semantic language and the associated brain
areas in autism. Reported areas included regions such as the LIFG, MFG, right
cerebellum (Harris et al., 2006), and the STG (Boddaert et al., 2003). Furthermore, studies
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showed a shift of language activity to the right cerebral hemisphere rather than the typical
activation patterns in the left hemisphere (Wang et al., 2018). Many of these areas overlap with
those observed in the current study. However, other findings differ from those reported herein.
Any discrepancy may be due to the resting-state nature of our MRI scans vs. other scan types
(e.g., task-based), differing analysis methods, and/or differences in our sample.
Clinical Implications
The present findings lay groundwork for future researchers, clinicians, and other
stakeholders to consider the impact sensory input has on all autistic traits, including language—
especially semantics. For example, understanding the complex interplay our sensory experiences
have on our language development could potentially lead to improved occupational and speech
and language intervention in autistic children. It seems plausible, given the correlation between
sensory processing and semantic language, that if atypical sensory processing could be reduced,
language development and function could be improved. Furthermore, understanding the impact
sensory input and integration has on autistic individuals may help researchers establish methods
to use sensory differences to diagnose autism earlier in development and therefore provide
appropriate intervention to children with autism sooner so that they might see improved
Study Limitations
The present study attempted to examine the relationship between sensory input and
processing and semantic language in autism and its neurobiological correlates. However, it’s
applicability to the autistic population as a whole is limited due to its relatively small sample size
of 42 participants, and the heterogeneous nature of the autistic traits across the population.
Research involving a larger number of participants might better represent the autistic population.
It would have also been a better representation of the autistic individuals as a whole had we
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included individuals that were minimally verbal, and those that were less severely affected on the
spectrum. This way we could get an idea of the impact sensory processing has across the
spectrum. Another limitation we saw was our large SD size; however, this is likely due to the
heterogenous nature of autistic symptoms. Additionally, since language is a task that must be
attended to, and our scans were completed during a resting state, it would be advantageous for
future studies to look at the neurobiological correlates between language and sensory input
during task-based fMRI scans that focused on sensory input and language. Finally, using
behavioral tasks, rather than questionnaires, would be useful in improving understanding the
relationship between sensory processing and language, given the limitations of questionnaires.
Conclusion
The impact of aberrant sensory sensitivity and atypical integration has on other autistic
traits is only just beginning to be understood. To this end, the current study examined the
relationship between sensory processing and language in autistic children, with an emphasis on
semantic language and possible neurological correlates. Results from this study demonstrate a
correlation between sensory symptoms and language, particularly semantic language in both our
autistic and control participants. It also demonstrates that, for our autistic participants, areas of
the brain associated with language and sensory integration (among other areas associated with
executive function, mentalizing, face recognition, prediction, etc.) exhibited connectivity patterns
that correlated with semantic language scores. These results demonstrate the potential impact
sensory processing differences have on the overall development of language in some autistic
individuals. They also highlight the need for further research to take a more extensive look at the
way sensory differences in autism may impact the development of language and other autistic
traits. The current study represents preliminary research in this area and would benefit from
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further studies that examined sensory processing and semantic language in autism
comprehensively.
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Tables
Table 1
Demographic Information, Mean, SD, p-values and U-values for Autistic and Typically
Developing Participants

Note. Abbreviations: SRS-2-The Social Responsiveness Scale, Second Edition; CCC-2-The
Children’s Communication Checklist; SSP- Short Sensory Profile (SSP); and SCQ-The Social
Communication Questionnaire.
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Table 2
A Listing of All Independent Component Networks and Connected Areas Significantly Correlated
With CCC-2 Semantic Subtest Scores
Component

ICA Network

Areas connected to ICA network and
CCC-Semantic

1

Higher Order Visual

--

2

Auditory

--

3

Sensorimotor / Auditory

--

4

Ventral DMN

--

5

Cerebellum

--

6

Temporal Pole

--

7

MPFC / orbital frontal

--

8

Language

--

9

Visual

--

10

Prim Visual

--

11

Hippocampus / Amygdala

--

12

Executive control / language

L/R Pre - and Post-CG (0.00000)

13

Fronto-parietal

PCC / Precuneus (0.0009)

14

Cerebellum

R insula (0.001) / L Lingual (0.009)

15

Sensorimotor

--

16

Frontoparietal

--

17

Visuospatial

--

18

Visuospatial

--

19

Sensorimotor

--

20

Sensorimotor

--

Note. Abbreviations: R-right; L-left; DMN-Default Mode Network; MPFC-Medial Prefrontal
Cortex; CG-central gyrus; PCC-Posterior cingulate cortex
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Table 3
Spearman Rank Order Correlations for SSP and CCC-2 for TD Participants
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Table 4
Spearman Rank Order Correlations for SSP and CCC-2 for Autistic Participants
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Figures
Figure 1
Histograms of Man-Whitney U Tests Between Groups for Behavioral Measures

62
Figure 2
Scatterplot of CCC-2 Semantic Subscore and SSP Profile Total Scores for TD and ASD
Participants
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Figure 3
IC12 rs-fMRI and Scatterplot of CCC-2 Semantic Subscore Correlations
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Figure 4
IC13 rs-fMRI and Scatterplot of CCC-2 Semantic Subscore Correlations
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Figure 5
IC14 rs-fMRI and Scatterplot of CCC-2 Semantic Subscore Correlations
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APPENDIX A
Annotated Bibliography
Beauchamp, M. S., Lee, K. E., Argall, B. D., & Martin, A. (2004). Integration of auditory and
visual information about objects in superior temporal sulcus. Neuron, 41(5), 809–823.
https://doi.org/10.1016/s0896-6273(04)00070-4
Objective: To identify cortical regions that are important for integrating auditory and
visual information about complex objects
Method: Three imaging experiments were performed. Experiment one two and
three measures blood oxygenation level-dependent (BOLD) responses during
categorization tasks. Experiment one presented either auditory or visual stimuli
independent of each other to categorize. Experiment two looked at the posterior superior
temporal sulcus and the middle temporal gyrus, (pSTS/MTG). Visual and auditory
stimuli were presented independently and simultaneously to measure the interaction
effect. The third experiment again presented visual and auditory stimuli in isolation and
simultaneously and asked subjects were asked to categories but unlike experiment 2
behavior tasks were the same across each presentation.
Results: Experiment one demonstrated that the pSTS/MTG stood out as a brain
area that responded to meaningful stimuli in both the auditory and visual modalities in
every subject. Experiment two confirmed that the responses seen in the pSTS/MTG,
ventral temporal, and DLPFC were greater to multimodal integration than to unimodal
stimuli. Experiment three established that multimodal response with object categorization
preference was present in the pSTS/MTG in both hemispheres.
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Conclusion: The pSTS/MTG demonstrated increased BOLD signal to both
auditory and visual stimuli and matched the criteria for a multimodal integration. This
brain region links different types of information from across visual and auditory
modalities.
Relevance: The current study is interested in multimodal integration that takes
place in the MTG.
Brown, T., Leo, M., & Austin, D. W. (2008). Discriminant validity of the sensory profile in
Australian children with autism spectrum disorder. Physical & Occupational Therapy in
Pediatrics, 28(3), 253-266. https://doi.org/10.1080/01942630802224983
Objective: To determine if the Sensory profile (SP) reliably discriminates between
Australian children with and without ASD.
Method: 26 mothers with children diagnosed with ASD, and 24 mothers of gender
and age matched typically developing children completed the SP. The children were 5-8
years old.
Results: Children with ASD scored significantly lower than their typically
developing peers across all categories, all but one factor, and every quadrant. With small
to medium effects sizes and high power. Conclusion: The SP showed discriminant
validity in a cross-cultural context.
Relevance: The current study uses the short sensory profile, and this study lends
credibility to its discriminant validity.
Cantiani, C., Choudhury, N. A., Yu, Y. H., Shafer, V. L., Schwartz, R. G., & Benasich, A. A.
(2016). From Sensory Perception to Lexical-Semantic Processing: An ERP Study in NonVerbal Children with Autism. Plos One, 11(8). doi: 10.1371/journal.pone.0161637
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Objective: To use EEG/ERPs to examine sensory/perceptual skills (auditory and visual),
of children with ASD, and their relationship to higher order linguistic skills compared to
TD children. Method: Participants were 10 children with ASD who were nonverbal or
minimally verbal, and 10 typically developing children age and gender matched. They
were shown a picture-word matching paradigm. Participants were not asked to
behaviorally reply, they were monitored using EEG and event related potential.
Results: Children with ASD showed atypical brain activity especially in the areas
of lexical-semantic level (higher order processing).
Conclusions: EEG testing may be able to show us when children are developing
higher order processing typically. It may also be able to show us what language
comprehension is happening in nonverbal or minimally verbal populations without
needing to use standardized assessments.
Relevance: The study showed that there is a difference between TD children and
nonverbal and minimally verbal children with ASD when they are processing semantic
information. The current study is interested in sensory processing and its impact on
language.
Ermer, J., & Dunn, W. (1998). The sensory profile: A discriminant analysis of children with and
without disabilities. The American Journal of Occupational Therapy: Official Publication
of the American Occupational Therapy Association, 52(4), 283–290.
https://doi.org/10.5014/ajot.52.4.283
Objective: To determine which factors in the SP discriminate between children with ASD
or PDD, children with ADHD, and children without disabilities.
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Method: Three groups of children were given the SP. Group one: 38 Children
with ASD or PDD ages 3-13. Group two: 61 children ages 3-15 with ADHD. Group
Three: 1,075 without disabilities only 671 analyzed ages 3-10. The data for this study
came from a large database that had compiled info from other studies. The parents in
most cases received the forms in the mail; some were filled out in the presence of the
researcher. The results were analyzed with discriminant analysis.
Results: In total 89.08% of the cases were categorized correctly by the SP. ASD
in particular was classified by higher levels of the following three factors; sensory
seeking behavior, oral sensory sensitivity, and fine motor/perceptual.
Conclusion: The SP is able to discriminate TD children from children with
Disabilities. It is also able to discriminate children with ADHD from children with ASD.
Relevance: The current study relies on the Short Sensory Profile which is the
truncated version of the SP to discriminate children with ASD from their TD peers.
Knowing that this screener demonstrates acceptable sensitivity and specificity lends
legitimacy to the current study.
Gliga, T., Bedford, R., Charman, T., Johnson, M. H., Baron-Cohen, S., Bolton, P., Cheung, C.,
Davies, K., Liew, M., Fernandes, J., Gammer, I., Maris, H., Salomone, E., Pasco, G.,
Pickles, A., Ribeiro, H., & Tucker, L. (2015). Enhanced Visual Search in infancy predicts
emerging autism symptoms. Current Biology, 25(13), 1727–1730.
https://doi.org/10.1016/j.cub.2015.05.011
Objective: To measure whether aspects of superior perception are related to core autism
symptom
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Method: Eighty-two high-risk infants (37 girls and 45 boys) and 27 low-risk
controls (13 girls and 14 boys) visual search performance was measured at 9-months, 15
months, and 2 years. The Autism Observation Scale for Infants (AOSI) was also given at
15 months and the Autism Diagnostic Observation Schedule (ADOS) was given at 2
years. Visual performance was analyzed along with the behavior scores.
Results: The 9-month visual search results showed significant correlation with the
15-month AOSI results. However visual search scores at 15-months did not correlate
with ADOS scores at 2 years
Conclusion: A relationship between the severity of autism symptoms later in life
may be predicted by superior visual search abilities during infancy.
Relevance: The current study is interested in the effect sensory symptoms have on
the severity of other autistic symptoms such as delayed language development.
Gladfelter, A., & Goffman, L. (2017). Semantic richness and word learning in children with
autism spectrum disorder. Developmental Science, 21(2). doi: 10.1111/desc.12543
Objective: To see if TD children and children with ASD benefit in similar ways from the
inclusion of semantic cues, and to track how the inclusion of different levels of cues
influence semantic, phonological, and articulatory word learning in both sets of children.
Method: The study had two groups of 12 children. One group was typically
developing and the other was diagnosed with ASD. They all participated in a word
learning paradigm. Five language measures were tracked.
Results: The children with ASD developed similarly to the TD children when
provided rich semantic cues. However, children with ASD showed more improvement in
speech motor stability.
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Conclusions: Both TD children and children with ASD benefit from rich semantic
input, but children with ASD derive heightened benefit in speech motor stability. This
may be used as a method to improve atypical vocalizations in children with ASD.
Relevance: The current study examines the semantic ability of children with
Autism and suggests that there is a dynamic relationship between the different domains
of language and this study supports that supposition.
Groen, W. B., Tesink, C., Petersson, K. M., Berkum, J. V., Gaag, R. J., Hagoort, P., & Buitelaar,
J. K. (2009). Semantic, factual, and social language comprehension in adolescents with
autism: An FMRI study. Cerebral Cortex, 20(8), 1937-1945. doi:10.1093/cercor/bhp264
Objective: To look at functional connectivity in left inferior frontal region (LIF) and right
inferior frontal region (RIF) of the brain in adolescents with high functioning autism
spectrum disorder (ASD), and typically developing (TD) age and gender matched peers,
when presented sentences with incongruent speaker information, world knowledge, and
semantic knowledge.
Method: Sixteen adolescents with high functioning ASD and 26 typically
developing age IQ, and gender matched peers underwent an FMRI study. Auditory
information was presented through headphones and visual information was projected.
The fMRIs were completed in 2, 30-minute segments, with a thirty-minute break inbetween. 80 sentences presenting congruent and incongruent speaker information were
presented, and 36 triplet sentences of congruent and incongruent world and semantic
information were presented. They also presented noise compared to speech.
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Results: The FMRI showed activation in the ASD group in the LIF region during
world, semantic and noise, however it wasn’t as activated during the tests that looked at
speaker identity and the RIF wasn’t activated at all.
Conclusion: People with ASD may use the LIF differently when integrating social
information than TD peers. Under connectivity may contribute to poor integration of
social information.
Relevance: Understanding which areas of the brain may be used when adolescents
with autism integrate semantic and sensory information and how that does or doesn’t
differ in children with ASD is important to the current study.
Hartley, C., & Allen, M. L. (2014). Brief Report: Generalisation of Word–Picture Relations in
Children with Autism and Typically Developing Children. Journal of Autism and
Developmental Disorders, 44(8), 2064–2071. https://doi.org/10.1007/s10803-014-2074-1
Objective: To investigate whether low-functioning children with autism generalize
pictures to objects using shape, color, or a combination of shape and color.
Method: This study had 17 low functioning male children with autism ranging
from approximately 4-16 years old, and 17 TD children 11females and 6 males ranging
from approximately 2-6. Groups were matched by receptive vocabulary abilities. Stimuli
included colored laminated photos of familiar and unfamiliar objects and the objects
themselves. The children sorted the pictures and objects into categories.
Results: A mixed ANOVA analysis was run and found that TD and children with
autism generalized photos to the target objects equally. However, TD children
generalized to novel pictures and objects significantly more often than the children with
autism. Children with autism also generalized more often to distractor pictures/objects
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significantly more often the TD children. TD children used shape bias where children
with autism required both a similar shape and color to generalize.
Conclusion: Low-functioning children with ASD form referential relationships
between words and photo but do not preferentially use shape bias when generalizing and
may be more likely to incorrectly categorize objects due to the absence of this bias.
Relevance: The current study is interested in the effect sensory input such as
visual stimuli have on the formation of semantic categories and this study demonstrates
that a common visual difference in autism is affecting categorization.
Hazen, E. P., Stornelli, J. L., O’Rourke, J. A., Koesterer, K., & McDougle, C. J. (2014). Sensory
symptoms in autism spectrum disorders. Harvard Review of Psychiatry, 22(2),
112. http://doi.org/10.1097/01.HRP.0000445143.08773.58
Objective: To summarize the literature regarding abnormal sensory findings in
individuals with autism spectrum disorder. (ASD) Including evidence of the
neurobiological root of these symptoms.
Method: This literature review used PubMed and PsycINFO. Each article met 3
criteria. First the publication in a peer-reviewed journal, second the full-text was in
English, and third related to sensory functioning in individuals with an autism spectrum
disorder, including autism, pervasive developmental disorder not otherwise specified
(PDD-NOS), and Asperger’s disorder.
Results: Sensory abnormalities are prevalent in people with ASD even when
compared to other developmental disorders. We don’t know the neurobiological cause
and need more research to support the current theories. Sensory symptoms are correlated
with self-injurious behaviors, restricted and repetitive behaviors, anxiety, ADHD, and GI
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problems. Specific types of sensory sensitivities relate to other behaviors. Right now, the
best treatment available is an OT treatment that includes sensory integration, sensory diet,
and environmental modifications.
Conclusion: The authors concluded from their review that sensory modulation
appears to be central to ASD, and that continued research is needed to fully understand
this phenomenon and its association with other common ASD symptoms.
Relevance: The current study looks at the effect sensory modulation has on other
areas of development. This research provided an idea of the effect sensory modulation
has on individuals with Autism and its importance in autism research.
Hull, J. V., Dokovna, L. B., Jacokes, Z. J., Torgerson, C. M., Irimia, A., & Van Horn, J. D.
(2017). Resting-state functional connectivity in autism spectrum disorders: A Review.
Frontiers in Psychiatry, 7. https://doi.org/10.3389/fpsyt.2016.00205
Objective: To review the cognitive theories of ASD, to investigate neural causes, to
discuss the main findings of resting state fMRI literature and highlight the differences in
results and posit potential causes for those differences.
Method: The studies included were those that used neuroimaging to examine
ASD and TD participants who were either children or in early puberty. The studies had to
include sufficient detail on the data acquisition methodology. There were a range of
methods used in quantification of functional connectivity including but not limited to:
seed-voxel based approaches, multivariate methods, and graph theoretical approaches.
Results: Early studies found supporting evidence for underconnectivity theory.
The studies examined postulated that underconnectivity was responsible for
communication deficits. Later studies have contradicted earlier findings and showed
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overconnectivity. The evidence for overconnectivity may provide insight for
hypersensitivity to stimuli in ASD. Overconnectivity was seen between primary sensory
and subcortical regions that was positively correlated with ASD symptom severity.
Overall, there is a lack of consensus about resting state fMRI data in children with ASD.
Conclusion: The literature showed evidence for both under and over connectivity.
No characteristic functional connectivity alteration has yet been found We also don’t yet
know when the alterations occur and where they appear on the autism spectrum.
Relevance: The current study uses resting state fMRIs to examine functional
connectivity in children with and without Autism. This research provided background
information on previous studies that used similar research methods.
Kenan, N., Zachor, D. A., Watson, L. R., & Ben-Itzchak, E. (2019). Semantic-pragmatic
impairment in the narratives of children with autism spectrum disorders. Frontiers in
Psychology, 10. https://doi.org/10.3389/fpsyg.2019.02756
Objective: To look at the language differences between TD boys and boys with ASD with
an emphasis on pragmatic-semantic abilities.
Method: Participants were four-seven years old. 24 were typically developing
(TD) and 24 were diagnosed with autism spectrum disorder (ASD). They were given a
story task from the ADOS battery. They retold a story from the picture book “Tuesday;”
a semantic-pragmatic analysis was used.
Results: The boys with ASD showed a similar number of objects in their narrative
retell, but fewer central ideas, fewer settings, characters, and actions. Overall, the boys in
both groups performed similarly except in the area of semantics-pragmatics. There was a
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negative correlation between ASD severity, and the number of central ideas mentioned in
the retell.
Conclusions: Semantic pragmatics are a core impairment in children with ASD.
However, the heterogeneity of children with ASD needs to be taken into account.
Semantic ability is negatively correlated with ASD severity.
Relevance: The current study is concerned with semantic ability and its
correlation with abnormal sensory input in autism. This research demonstrates that
semantic ability is indeed an area where children with autism demonstrate a measurable
difference.
Khalfa, S., Bruneau, N., Rogé, B., Georgieff, N., Veuillet, E., Adrien, J.-L., Barthélémy, C., &
Collet, L. (2004). Increased perception of loudness in autism. Hearing Research, 198(12), 87–92. https://doi.org/10.1016/j.heares.2004.07.006
Objective: To verify the hypothesis of atypical loudness perception and intensity within
children with and without autism
Method:11 children with autism -- nine males 2 females -- ranging from normal to
severe intellectual disability. Each child with autism was age and gender matched with a
TD peer. Tones were delivered through audiometer to earphones. Auditory dynamic
range and loudness scaling were measured in all subjects.
Results: No pure tone threshold difference was seen between groups. However,
the level of intensity that the autistic children could tolerate was significantly lower than
the TD peers.
Conclusion: The hypothesis of enhanced perception and reduced tolerance of
loudness in children with autism was confirmed. Because pure tones were considered
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loud at significantly lower dB levels then the TD peers. The atypical intensity processing
could be related to inappropriate behavior and electrophysiological abnormalities.
Relevance: The current study is interested in the types of atypical multi and
monomodal sensory input seen in autism.
Kjelgaard, M. M., & Tager-Flusberg, H. (2001). An investigation of language impairment in
autism: Implications for genetic subgroups. Language and Cognitive Processes, 16(2-3),
287–308. https://doi.org/10.1080/01690960042000058
Objective: To re-examine language profiles of children with autism including measures
of phonological representation and production, lexical knowledge semantics and syntax.
Method: This study included 89 children with autism from the ages of 4-14, 80
males and 9 females. at least 70 children had language skills biasing the study toward
verbal children. The children were given the follow language tests: “Goldman-Fristoe
Test of Articulation,” “Peabody Picture Vocabulary Test - III,” “Expressive Vocabulary
Test,” and “Clinical Evaluation of Language Fundamentals” either the preschool or III.
tests were administered over 2 days and coded by a certified speech and language
pathologist and second coder supervised by a speech and language pathologist.
Results: Both lower and higher functioning groups displayed generally normal
articulation skills but impaired use of higher order semantics syntax and the ability to
repeat nonsense words.5 children scored at normal levels across all language tasks
Conclusion: Across the full range of children in the study a significant
relationship between IQ and language abilities exists. However, it’s important to note the
significant heterogeneity. Some children with low IQ presented with appropriate
language while some children with high IQs presented with language deficits. Language
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may be more important than IQ levels in determining current levels of function and longterm prognosis for autistic children.
Relevance: This research looks at the language profile of children with autism.
The current study is also concerned with the language profile and development of autistic
children.
Levinson, S., Eisenhower, A., Bush, H. H., Carter, A. S., & Blacher, J. (2020). Brief Report:
Predicting Social Skills from Semantic, Syntactic, and Pragmatic Language Among
Young Children with Autism Spectrum Disorder. Journal of Autism and Developmental
Disorders. doi: 10.1007/s10803-020-04445-z
Objective: To examine the relationship of semantics, syntax, and pragmatics with parent
and teacher rated social skills. Second, they examined how those particular language
skills are associated with social skills in young children with ASD.
Method: Participants were part of a larger longitudinal study that lasted six
months. The number of participants was not disclosed. Parents and teachers filled out
social skill
Results: The children’s semantic scores correctly predicted parent reported social
skills. The same was not found in the teacher reports.
Conclusion: Semantic language may be an important variable affecting social/pragmatic
skills in children with ASD. Addressing semantic and other language deficits in children
with ASD may indirectly benefit social skills.
Relevance: The current study posits that semantics is an essential language
domain that is regularly affected in individuals with Autism. This article not only shows
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that semantic language abilities were affected, and it also demonstrated that semantics
could be used to predict how severely impacted social skills were.
Marco, E. J., Hinkley, L. B., Hill, S. S., & Nagarajan, S. S. (2011). Sensory Processing in
Autism: A Review of Neurophysiologic Findings. Pediatric Research, 69(5 Part 2).
doi:10.1203/pdr.0b013e3182130c54
Objective: To review what the literature says about the neural foundations of sensory
processing in autism spectrum disorder by looking at neurophysiological responses to
auditory, tactile, and visual stimuli.
Method: Review studies that looked at both unimodal processing and
multisensory integration. The studies used multiple imaging techniques including
electroencephalography (EEG), magnetoencephalography (MEG), and functional MRI
(fMRI). They also explored the impact that overt and covert attention has on sensory
processing.
Results: The neurophysiological data is mounting and provides insights into the
neural foundation of autism.
Conclusion: That the differences in sensory processing and integration may cause
some of the hallmark symptoms associated with autism. The heterogeneity of the disorder
makes research difficult, but the gains made in the last 30 years have been tremendous.
More research is required to fine tune how to treat sensory processing and increase
attention.
Relevance: This research provided the background information required by the
current study to examine the neural underpinnings of ASD, and the sensory processing
abnormalities that are ubiquitous in autism spectrum disorder.
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Matson, J. L., Kozlowski, A. M., & Matson, M. M. (2012). Speech deficits in persons with
autism: Etiology and symptom presentation. Research in Autism Spectrum Disorders,
6(2), 573-577. doi:10.1016/j.rasd.2011.10.009
Objective: To review literature on communication deficits in autism including the
developmental language and language regression and the possibility of using
communication to aid in differential diagnosis and collateral behaviors.
Method: This paper consolidated and synthesized evidence from literature
concerning speech and language in autism including skill regression.
Results: Autism is a lifelong condition that sometimes includes debilitating
speech and language delays and anomalies. These delays compound co-occurring
conditions such as intellectual delays and challenging behaviors however research shows
that language is not the primary cause of challenging behaviors
Conclusion: More qualitative and quantitative information about speech patterns
and speech deficits are required to help unravel the cause of speech delays in autism and
how to best assess and treat these symptoms.
Relevance: The background information provided in this research on language
development in children with Autism helped provide the current study with a
foundational understanding of how language can present in Autistic individuals and its
effects on other diagnostic features.
Rice, M. L., Warren, S. F., & Betz, S. K. (2005). Language symptoms of developmental
language disorders: An overview of autism, Down syndrome, fragile X, specific language
impairment, and Williams syndrome. Applied Psycholinguistics, 26(1), 7-27.
doi:10.1017/s0142716405050034
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Objective: To report on language deficits including speech, semantics, and syntax in
relationship to cognitive skills that occur in Autism, Down Syndrome, Fragile X
syndrome, specific language impairment, and Williams syndrome.
Method: This paper consolidated and synthesized evidence from literature
concerning speech and language in Autism, Down Syndrome, Fragile X syndrome,
specific language impairment, and Williams syndrome.
Results: Each condition demonstrates areas of relative weakness and strength.
There is a strong contrast between conditions that have a delay vs those that have a
deviance however there is a consistent presentation of delayed language onset across
conditions and that cognitive ability plays a key role in language development.
Conclusion: That further study including neuroscientific and genetic studies could
open new avenues of inquiry into language development and that careful and specific
linguistic descriptions in clinical work are urgently required to further our knowledge of
the developmental course or deviance of language in these conditions.
Relevance: The article details the development of language in individuals with
autism and the current study examines current levels of language development in children
and adolescents.
Robertson, C. E., & Baron-Cohen, S. (2017). Sensory perception in autism. Nature Reviews
Neuroscience, 18(11), 671-684. doi:10.1038/nrn.2017.112
Objective: To review sensory processing in Autism and discuss the possible insights
gained through computational and neurobiological studies. It also looks at how
difficulties in sensory processing may relate to other behavioral domains affected in
Autism.
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Method: This paper consolidated evidence from behavior, neuroscience, and other
modalities of research on social language and sensory processing in Autism.
Results: The sensory traits are observable early in development and can predict
social and cognitive status later in development.
Conclusion: Sensory symptoms are a primary characteristic of the neurobiology
of Autism
Relevance: The current study also posits that sensory symptoms are primary
characteristics of autism that may affect the development of language particularly the
semantic domain.
Seghier, M. L., Lazeyras, F., Pegna, A. J., Annoni, J.-M., Zimine, I., Mayer, E., Michel, C. M., &
Khateb, A. (2004). Variability of fMRI activation during a phonological and semantic
language task in healthy subjects. Human Brain Mapping, 23(3), 140–155.
https://doi.org/10.1002/hbm.20053
Objective: To compare the fMRIs of healthy individuals when completing phonological
and semantic tasks and assess the variability of activation.
Method: 30, right-handed, healthy adults, underwent an fMRI while completing a
semantic categorization task, and a rhyme detection task (phonological).
Results: Significant activation in the left hemisphere (LH) was seen. When
completing semantic tasks frontal regions were most often activated and temporalparietal regions for phonological tasks. However, there was significant variability
between subjects.
Conclusion: The tools used are suitable for mapping these major language areas.
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Relevance: The current study uses fMRI data to examine connectivity with an
emphasis on semantic processing. This research provided information on which areas of
the brain are expected to be active during semantic processing in TD individuals.
Shikata, S., Miyabe, M., Usuda, Y., Asada, K., Ayaya, S., Kumagaya, S., & Aramaki, E. (2015).
Understanding the relationship between social cognition and word difficulty. Methods of
Information in Medicine, 54(6), 522–529. doi: 10.3414/me15-01-0038
Objective: To look at the narrative ability of individuals with Autism, and to determine
the area of language that negatively affects social interaction. Also, to look at the
correlation of the severity of Autism and language abilities as measured by the SRS.
Method: 16 participants with ASD were separated into 2 groups based on their
SRS scores. One group scored as severely autistic on the SRS, and the other scored
intermediate. Phonetic transcriptions of speeches of all participants were converted into
numerical measurements and compared to the SRS-2 scores.
Results: There was a significant difference between the two groups when it came
to word difficulty scores. The more severe group had lower scores. There was no
difference in any other language measures. When the language difficulty scores were
compared to SRS-2 scores there was a statistically significant correlation with social
cognition.
Conclusion: The more severe the Autism as measured by SRS-2 the less complex
the language used. The less complex the language used the more impeded the
development of social connections will be within society.
Relevance: This article showed that semantic language is impaired in many
individuals with ASD and that there is a correlation with severity as measured by the
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SRS-2. The current study also examines how semantic language ability is measured by
the CCC-2 and its correlation with scores that measure sensory differences.
Tager-Flusberg, H. (1985). Basic level and superordinate level categorization by autistic,
mentally retarded, and normal children. Journal of Experimental Child Psychology,
40(3), 450-469. doi:10.1016/0022-0965(85)90077-3
Objective: To examine whether autism involves a deficit in the ability to categorize
central and peripheral concepts.
Method: Three experiments were performed. The first two experiments looked at
14 autistic children, 14 mentally retarded children, and 14 typical children matched on
verbal mental age. They were asked to categorize pictures from three categories:
biological, artificial and superordinate. The third experiment had 7 autistic children
completed an interactive test of categorization and lexical comprehension.
Results: The first two experiments showed that all three groups autistic, retarded
and typical performed similarly. Basic categorization was easier than abstract; all groups
made more errors in peripheral examples. The third experiment showed organized
lexicons and appropriated comprehension.
Conclusion: That children with autism were able to categorize semantic concepts
at the same level of retarded and normal age matched children. They were able to
recognize relationships in both pictures and words and didn’t demonstrate idiosyncratic
or narrow conceptual relationships.
Relevance: This article presents contradicting evidence to the current study and
demonstrates the heterogeneity of symptoms in autism spectrum disorders.
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Thye, M. D., Bednarz, H. M., Herringshaw, A. J., Sartin, E. B., & Kana, R. K. (2018). The
impact of atypical sensory processing on social impairments in autism spectrum disorder.
Developmental Cognitive Neuroscience, 29, 151–167.
https://doi.org/10.1016/j.dcn.2017.04.010
Objective: This Study examines how behavioral and neurobiological evidence that
describe sensory deficits across modalities may impact social function in individuals with
Autism.
Method: This paper consolidated evidence from behavior, neuroscience, and other
modalities of research on social language and sensory processing in Autism.
Results: Abnormal sensory modulation and processing has significant clinical
effects on social language skills.
Conclusion: That there are multiple mechanisms that lead to sensory dysfunction
in individuals with Autism and that any of them could lead to social deficits across
development.
Relevance: This article provided important background information on sensory
input in Autism and its impact on social language the current study relied on to develop
and support a hypothesis that suggested that a correlation between sensory symptoms and
language would be present in individuals with Autism and that evidence of neurological
underpinnings could be found.
Tomchek, S. D., & Dunn, W. (2007). Sensory processing in children with and without autism: A
comparative study using the Short Sensory Profile. American Journal of Occupational
Therapy, 61(2), 190–200.
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Objective: To look at the differences in sensory processing in children with and without
ASD by using the Short Sensory Profile. (SSP)
Method: The study looked at SSP results of TD children and those with ASD.
There were 281 participants with ASD compared to age matched peers. A total of 221
assessments were completed and processed. They used differential statistics and
MANOVA to look for statistical significance.
Results: Statistical significance was seen between the two groups of children in
the total score, and individual scores on the SSP. Overall there was strong statistical
power with small-medium effect size.
Conclusion: Children with ASD consistently scored higher on the SSP then
children without Autism.
Relevance: The current study uses the SSP to demonstrate sensory abnormalities
in children with Autism. The article shows supporting results that indicate there is a high
prevalence of sensory input abnormalities in children with Autism.
Volden, J., & Phillips, L. (2010). Measuring pragmatic language in speakers with autism
spectrum disorders: comparing the Children’s Communication Checklist—2 and the Test
of Pragmatic Language. American Journal of Speech-Language Pathology, 19(3), 204–
212. doi: 10.1044/1058-0360(2010/09-0011)
Objective: To compare the sensitivity and specificity of the Children’s communication
Checklist (CCC-2) and the Test of Pragmatic Language. (TOPL) in diagnosing pragmatic
language issues in children with autism spectrum disorder (ASD).
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Method: 16 previously diagnosed male school age children with ASD were
matched with 16 controls participants. The TOPL was administered, and the CCC-2 was
filled out by a parent or guardian.
Results: The CCC-2 successfully indicated that 13 of the 16 participants with
ASD had pragmatic difficulties. The TOPL only successfully indicated 9 out of the 16
children as having pragmatic difficulties. No typically developing children were
identified as having a pragmatic language impairment.
Conclusion: The CCC-2 was better at identifying pragmatic difficulties in
children with ASD than the TOPL. This could help clinician identify pragmatic language
impairments even when other speech and language scores are typical.
Relevance: This article demonstrated the discriminant validity of the CCC-2 when
used to identify language differences in children with Autism. The current study uses the
CCC-2 to look at language abilities in TD children and those with ASD.
Watson, L. R., Patten, E., Baranek, G. T., Poe, M., Boyd, B. A., Freuler, A., & Lorenzi, J.
(2011). Differential associations between sensory response patterns and language, social,
and communication measures in children with autism or other developmental disabilities.
Journal of Speech, Language, and Hearing Research, 54(6), 1562–1576. doi:
10.1044/1092-4388(2011/10-0029)
Objective: To look at 3 different sensory responses; hyper-responsive, hypo-responsive,
or sensory seeking, and determine if it is connected to variability in social
communication, and language skill development in children with autism spectrum
disorder (ASD), or other developmental disabilities. (DD)
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Method: Two groups were studied, 72 participants had ASD and 44 had DD. The
participants completed protocols that looked at sensory response patterns, social
communicative symptoms of autism, and language, social, and communication skills.
Results: There was a positive correlation between hypo-responsiveness and social
communication in both the ASD group and the DD group. Hyper-responsiveness was not
significantly related to social communication. Sensory seeking correlated positively with
social communication in the ASD population and negatively in the DD population
Conclusion: Hypo-responsiveness and sensory seeking may play a role in autism
and DD acquisition of language, and social skills.
Relevance: This study examines the relationship between sensory and
communication data. This current study also looked at the correlation between sensory
and communication data.
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APPENDIX B
Consent Forms
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